Resume -Un apercu des recents dbveloppements de l'utilisation des faisceaw d'ions rapides pour la d4termination des durees de vie atomiques est pr6sente. Plusieurs &-liorations sont discutbes et un certain nombre de succes et de difficultds d'application sont decrits.
INTRODUCTION
measuring procedures.
Many uses for fast ion beams in atomic physics research have been developed since this series of conferences began, and our sessions now include many new and exciting topics. Nevertheless, lifetime measurements remain one of the most important applications of fast ion beam spectroscopy, not only because they are the primary source available for this type of atomic data, but also because the method is still in a developmental stage, with new adaptations occurring continually. I would like to review some of the recent improvements in these measurements, describe some of the problems which remain, and indicate the progress which has been made toward their solution.
RECENT IMPROVEMENTS
One of the recent advances involves precision. At the Gatlinburg conference the Berlin group reported a cascade-free beam-laser lifetime measurement C11 which was accurate to within 1/4 %.
The Stockholm group has since made a beam-foil measurement C23 of a favourable transition in He I which was of similar accuracy, demonstrating that the presence of cascading does not necessarily preclude a high precision measurement. However, the record for precision has now been broken by a beamlaser measurement of the 3p ' P lifetime in Na I 112 by Gaupp et al. L31 which claims an accuracy of better than 2 parts per thousand, with the major remaining uncertainty arising from the time calibration. Although this degree of precision is attainable only in very special situations, it illustrates a general trend toward higher precision, made possible through advances in instrumentation and for the Cu I isoelectronic sequence. Notice that for Cu I these cascades are all longer-lived than the 4p, while for As V and above the opposite is true. to draw attention to one fact -there is a very long tail on the measured decay curve which is of puzzling origin. One possibility is that it arises from some sort of beam associated continuum radiation in the 300 A wavelength region, which falls off with distance from the foil. Another possibility is that it arises from cascading from higher lying levels, which would mean that there is a much larger population of very high lying levels than we had previously suspected. This tail has a 600 ps e-folding time, and accounts for over 10% of the peak intensity. To find a 600 ps lifetime one must go above n=15 on the yrast chain and above n=30 for the S, P and D levels. Similar tails are seen on the homologous Cu I sequence transition in Kr VIII, with data of the Toledo-Chicago group C201 shown in These simulations were extended to include S, D and yrast cascades as high as n=100 in an attempt to match the tails with a lower value of k, but such simulations were insensitive to these very high levels on the time scale shown here.
In discussing the various types of repopulation it is useful to adopt a terminology which differentiates between generically separable situa- decay c u r v e s and ( r i g h t ) a diagram of one of i t s t h r e e s i m u l a t i o n u n i t s . The i n s t a n t a n e o u s popul a t i o n i s r e p r e s e n t e d by t h e h e i g h t o f a rubber-tyred n u t on a screw. The nut i s d r i v e n by a rot a t i n g cone a t a speed p r o p o r t i o n a l t o i t s h e i g h t above t h e p o i n t o f t h e cone, w h i l e t h e screw i s turned by g e a r s from t h e nut o f t h e next cascade u n i t . The n u t t h u s moves r e l a t i v e t o t h e screw and i t s h e i g h t can be magnified and communicated t o a crayon-holder by cords and p u l l e y s .
ME9SRS. A. V. HAECOURT AND W. ESSON ON THE LAWS OF CONNEXION
If, however, tlic substances are not independent, but are such that one of them is gradually formed from the other, we hare a different system of equations to represent the reaction.
Let u, v be the residues of the substances after an interval x, y(=u+v) h i n g the total residue octu;dly measured a t that time. k t the initial values of 21. and zr be u=n, v=O; let K I L be the rate of diminution of u due to its rcaction with one of the other elcments of the system, and pu its rate of diminution due to ita reaction wit11 another of the element3 of the system, by means of which v ir~ formed, and let yv be the rate of (?Q)
=+B-7
There are several particular cases of these equations which require to be considered separately.
Fig. 9 -P o r t i o n o f t h e 1866 paper by H a r c o u r t a n d E s s o n C361 which p r e s e n t s t h e "Esson Equations" f o r a branched r e p o p u l a t i n g cascade. The paper goes on t o d i s c u s s s p e c i a l c a s e s where t h e decay curve i s a s i n g l e e x p o n e n t i a l , a humped growing-in and a t a i l e d growing-out, and p r e s e n t s examples o f each c a s e from chemical r e a c t i o n r a t e measurements. 
